Objective : There is a lack of knowledge regarding whether decompression is necessary in treating patients with epidural spinal cord compression (ESCC) grade 2. The purpose of this study was to compare the outcomes of minimally invasive surgery ( 
INTRODUCTION
Many cancers commonly metastasize to the spine, causing neurological symptoms, pain and a reduction in quality of life 41) . Approximately 30% of patients with cancer develop spinal metastasis, and 10% will suffer from symptomatic metastatic spinal cord compression 2, 37, 40, 41) . The most common primary sites are the lung, breast, kidney and prostate. Hepatocellular carcinoma (HCC) is common in Asia and Africa, where the hepatitis B virus is endemic 29) . In the Republic of Korea, HCC is the third most common cancer, and HCC spine metastasis is the second most common cancer of spine metastatic tumours 29, 42) . The goal of treatment for spinal metastasis is to improve the quality of the remaining life with preserved ambulatory function and less pain 1) . The NOMS framework incorporates neurologic, oncologic, mechanical and systemic considerations to facilitate decision making in the care of patients with spinal metastases 28) . Patients with radio-resistant tumours causing high-grade epidural spinal cord compression (ESCC) were recommend to undergo surgery to provide separation between the tumour and the spinal cord ( Fig. 1 ) 28) . High-grade ESCC was defined as deformation of the spinal cord with partial (ESCC grade 2) or complete (ESCC grade 3) obliteration of the cerebrospinal fluid (CSF) space 3) . However, the risks and bene ts of surgery must be weighed according to the life expectancy and the functional status of the patients 7) . There is a lack of knowledge regarding whether or not palliative laminectomy is mandatory in the treatment of patients with ESCC grade 2. Furthermore, minimally invasive surgery (MIS) with percutaneous pedicle screw xation has become possible for spinal metastasis with the advancement of techniques and instruments 13, 39) . We, therefore, conducted this study to compare the outcomes of MIS without decompression and conventional open surgery (palliative laminectomy) for patients with HCC spinal metastasis of ESCC grade 2. . cEBRT : conventional external beam radiation therapy, SRS : stereotactic radiosurgery. 
MATERIALS AND METHODS

Radiosensitive
Operative procedure
In conventional open surgery, a posterior midline incision was used for pedicle screw placement. The paravertebral muscles were dissected and retracted to expose the entry points for the pedicle screws. A free hand technique was used to insert the pedicle screws. Palliative laminectomy was performed.
In MIS, the point of entry for the percutaneous pedicle screws was determined by positioning the tip of the Jamshidi needle with the tip located lateral to the pedicle oval in the true anterior-posterior fluoroscopic image and parallel to the upper endplate in the lateral fluoroscopic view. The placement of the Jamshidi needle was performed according to the modified method described by Wiesner et al. 45) . Thereafter, a k-wire was placed through the Jamshidi needle, and a 1.0 to 1.5 cm skin incision was made, followed by dissection of the deep fascia and muscles. The cannulated screw was positioned using the k-wire as a guide. The rod insertion was performed through the most cranial incision without the necessity of an extra incision.
Clinical and radiologic evaluations
The demographic and pre-operative data collected and analysed were sex, age, Child-Pugh classification (Table 1) , Tomita score, SINS, Eastern Cooperative Oncology Group (ECOG) score, embolization, radiotherapy and visual analogue scale (VAS) for back pain. The operative and perioperative data collected and analysed were operative time, number of instrumented segments, total screws used, blood loss, post-operative intensive care unit (ICU) transfer, days of hospitalization and surgery-related complications. The post-operative data collected included post-operative VAS and ECOG at 1 month and 3 months.
Assessment of ambulatory function and date of death
The post-operative ambulatory function was assessed by review of the medical records and a telephone interview. The period before a description of loss of ambulation was regarded as the ambulatory period. If there was an event that precluded patients from independent ambulation, such as death, the period before the event was regarded as an ambulatory period. The date of an individual patient's death was retrieved from the National Health Insurance database.
Statistical analysis
All continuous variables are presented as the means±stan-dard deviation. The statistical analyses were performed using Student's t-test or Mann-Whitney's U-test for continuous variables and the chi-square test or Fisher's exact test for categorical variables. A two-sided p-value of <0.05 was considered significant. Repeated-measures analysis of variance was used to compare the VAS and ECOG scores of the MIS group to those of the open surgery group at admission and at post-operative months 1 and 3. Kaplan-Meier survival analysis was used to estimate the longitudinal ambulation and survival time. All The Child-Pugh score is calculated by adding the scores of the five factors and can range from 5 to 15. Child-Pugh class can be A (a score of 5-6), B (7-9), or C (10-15). INR : international normalized ratio 
RESULTS
A total of 30 patients were analyzed in the present study ( There were no significant differences in the initial VAS for back pain between the MIS group and the open surgery group (Table 4 ). The VAS improved for both groups without significant differences at post-operative 1 month. However, the pain further improved in both groups at post-operative 3 months with a significant difference. There were no statistically significant differences between the two groups when repeated measures AVONA was performed on functional status changes (Fig. 2) . In the MIS group, the ECOG improved or remained unchanged in 11/13 (84.6%) of the patients at 1 month post-operation and in 6/13 (46.2%) of the patients at 3 months post-operation. In the open surgery group, ECOG improved or remained unchanged in 14/17 (82.4%) of the patients at 1 month after surgery and in 7/17 (41.2%) of the patients at 3 months after surgery. Of the patients who had already received radiotherapy, three patients (75%) in the MIS group and four patients (57.1%) in the open surgery group received additional radiation therapy. 
DISCUSSION
In recent years, there has been an increase in the survival time of cancer patients due to improvements in systemic therapy for malignancies 38) . Therefore, clinicians are increasingly faced with patients who present with advanced metastatic disease. Surgery with instrumentation stabilization is of great value in the management of metastatic spine disease with neurologic deficits, pain, instability, progressive deformity and fractures. Successful surgery can alleviate pain and improve quality of life 9, 20, 30, 32, 34, 44) . Therefore, optimizing spinal surgery in these patients is important for preventing intraoperative and post-operative complications 17, 30) . However, these patients are poorer candidates for the traditional extensive open surgical approaches 6, 17, 47) . If there has been prior radiotherapy to the surgical area, patients might have poorer wound healing. Coupled with reduced immunological status due to prior chemotherapy, these patients are highly susceptible to wound infections from the large incisions in conventional open surgery 18, 34, 46) . Increased blood loss in conventional open spinal surgery is also associated with increased wound infection rates and mortality 19, 26, 35) . In addition, extensive surgery might stimulate tumour growth via activation of the angiogenic pathway 16, 36) . With the current technological advancements, the feasibility of MIS for patients with spinal metastasis opens up new treatment options that could be superior to conventional open surgery. The role of MIS is mechanical stabilization, and tumour control needs to be achieved by radiation therapy or chemotherapy 10, 39) . A multi-disciplinary approach for the treatment of spinal metastasis has been emphasized in recent studies 11, 12, 15, 21, 23, 31) . The operation time of the MIS group was significantly shorter than that of the open surgery group. A prolonged operative time is associated with an increased risk of complications (infections) 33) . The MIS group had significantly less blood loss than the open surgery group. MIS can lead to a safer surgery, fewer perioperative complications and faster recovery 24, 25) . Patients who had MIS recovered faster with a significantly shorter ICU stay than patients who had open surgery (0.1±0.3 days and 0.5±0.6 days, respectively; p=0.022). This procedure will allow earlier mobilization and return to daily activities or earlier rehabilitation. Adjuvant treatments, such as chemotherapy and radiotherapy, could be initiated earlier, and the cost of hospitalization can be lessened with a shorter ICU stay. The VAS improved for both groups without a significant difference at post-operative 1 month, but the pain further improved in the MIS group, with a significant difference at post-operative 3 months (p=0.042). Cancer pain can significantly affect the quality of life. Patients are likely to be bed-ridden because of intractable pain. Immobilization in bed can lead to complications, including pneumonia, pressure sores, urinary tract infections, thromboembolism and joint contractures 8, 43) . At 3 months after surgery, the ECOG deteriorated in 7/13 (53.8%) of the patients in the MIS group and 10/17 (58.8%) of the patients in the open surgery group. However, it is unlikely that the ECOG has deteriorated due to surgery. The median survival after diagnosis of the HCC spinal metastasis was 0.7 months for patients who received no treatment, 6 months for patients who received chemotherapy and/or radiation, and 13.5 months for patients treated with a combination of surgery and medical management 14) . The prognosis of HCC depends not only on the tumor stage but also on the liver function impairment due to liver cirrhosis, which accompanies most of the patients 4) . LFT was significantly worse in both MIS group and open surgery group at postoperative 3 months (p=0.012, p<0.001, respectively). The ECOG deterioration was likely due to impairment of liver function.
In spinal HCC metastasis, the ambulatory status is significantly correlated with survival and ambulation time 22) . There were no significant differences in the ambulation time or survival time between the MIS group and the open surgery group. Considering the above findings, decompression surgery is not necessarily required for patients with HCC spinal metastasis with mild cord compression (ESCC grade 2).
Previous studies had shown neurological recovery in paralyzed patients after surgical decompression and stabilization with subsequent radiotherapy 27, 31) . Spinal metastasis from HCC has been treated with conventional radiation therapy (cRT). Another study reports that streotactic radiosurgery showed better local control compared to results achived by cRT 5) . In general, we recommend that the interval between radiotherapy (either stereotactic or conventional) and surgery (and vice versa) should be a minimum of 2 weeks. MIS will be able to reduce this interval. Unfortunately, the analysis of time interval was not performed because of the small number of patients.
Although we showed that MIS might be applied in select patients, there are instances in which MIS is not appropriate. In the setting of severe spinal cord compression (ESCC grade 3), MIS should not be applied, and MIS should not be considered if long-term survival is expected 40) . Bone fusion should be considered for patients with expected long survival times, otherwise mechanical failure might occur. Furthermore, MIS is to be used alongside other adjuvant therapies, such as radiation or chemotherapy. If a tumour is not sensitive to either of these therapies, then one should pause before using a minimally invasive approach.
Limitations of the present study
Several limitations of our study should be mentioned. First, this study included a relatively small number of subjects, which resulted in a low statistical power. However, by examining a single histology of HCC, we avoided the confusion that arises in the majority of articles that group multiple histologies together. Second, the local control rate of adjuvant therapy after surgery (MIS and open surgery) was not investigated. MRI was not routinely performed to evaluate the effect of adjuvant treatment. However, during the follow-up period, there was no patient whose lower extremities weakness progressed without deterioration of general condition. The local control rate was considered to be acceptable. Third, the relationship between postoperative RT and VAS, ECOG, survival and ambulation could not be analyzed because many patients were treated with both postoperative RT and chemotherapy. Additional prospective study of long-term follow-up studies with substantially larger patient populations is required to more accurately clarify the effect of the postoperative RT after MIS. Fourth, this report represents a retrospective study that is inherently subject to selection bias. Prospective comparative studies comparing MIS and open surgery for HCC spinal metastasis are needed. Despite these limitations, our study contains valuable and clinically important information for patients in the grey zone and provides a basis for future research.
CONCLUSION
MIS without decompression could be a good alternative to conventional open surgery for patients with HCC spinal metastasis of ESCC grade 2, especially those with limited prognosis, mechanical instability and no neurologic deficit.
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